We present a small sample of time-resolved optical spectroscopy of the dwarf nova HL CMa during an outburst state. Combining radial velocity measurements with published data we show that the previously quoted value is not the only candidate for the orbital period of this system. We reduce the signi cance of daily aliasing but cannot distinguish between two periods at 0.2146 0.0004-d and 0.2212 0.0005-d. We show that the low-excitation emission lines are composites from both an accretion disc and the companion star and that high excitation emission originates in the disc or out owing material associated with the accreting white dwarf.
INTRODUCTION
Dwarf novae are white dwarf stars accreting from lowmass, Roche lobe-lling companions via circumstellar discs (Warner 1995) . Accreting material generally dominates the two stellar components in optical, UV and X-ray spectra, consequently these objects provide excellent opportunities to study the physical structure and dynamics of accretion discs. Membership of the dwarf nova class is earned by the ability to outburst { quasi-periodic events where brightnesses increase by several optical magnitudes on timescales from weeks to years (Osaki 1974; Bath 1985) .
HL CMa (=1E 0643.0?1648) was discovered by Chlebowski, Halpern & Steiner (1981) as a 9 0 o -axis X-ray source during Einstein observations of Sirius. Optical monitoring revealed a short outburst period of 15-d where the optical magnitude ranged between 11 and 14. Optical spectroscopy during a low state enabled strong emission lines of H and Hei to be identi ed. Bailey et al. (1981) report optical and IR ickering on a 3{4-m timescale at the tailend of an outburst. Colours suggested a ickering source at 7 000{10 000 K, consistent with a cooling accretion disc. Hutchings et al. (1981) ? Also Universities Space Research Association H and Hei lines display broad absorption wings, usually attributed to the rapidly rotating, optically thick inner regions of a steady state disc (Rutten et al. 1994) . They claim an orbital period of 0.2145 0.0004-d. Further quiescent optical and IUE UV spectroscopy was provided by Mansperger et al. (1994) .
During outburst HL CMa is one of the brightest dwarf novae in the sky yet it has been poorly observed due to its proximity to Sirius which handicaps sky subtraction, and its relatively low inclination { the usual double peaked emission line signature of an accretion disc is not evident. HL CMa underwent an outburst during a recent observing campaign and we took the opportunity to obtain a small set of timeresolved spectroscopy.
OBSERVATIONS
HL CMa was observed on the night beginning 1998 January 8 with the 1.9 m Radcli e Telescope at Sutherland, South Africa. The detector was a SITe CCD, windowed to 1798 57 pixels and mounted on the Grating Spectrograph with a grating ruled to 1200 lines mm ?1 and slit width 1.2 00 . This con guration gave a wavelength range of approximately 4200{5060 A at 0.5 A resolution. A list of observations is provided in Table 3 . 31 useable spectra were obtained in 2-3 00 seeing conditions, each with an exposure time of 400 s. Readout overheads were generally 15 s between exposures.
CuAr arc exposures were taken every 30{40 m in order to calibrate the wavelength scale and instrumental exure. The ux standard LTT 2415 (Hamuy et al. 1994 ) was observed with a wider slit accommodating the whole seeing disc in order to correct for instrumental response and extinction. Data reduction was performed using standard algorithms (Horne 1986 ). Similar to Wargau et al. (1989) , our spectra are characterized by broad Balmer and Hei absorption with narrow emission cores and high excitation lines of Heii and the Ciii/Niii Bowen blend, typical of low-inclination dwarf novae in outburst and of the nova-like variables which host steady state accretion discs (Dhillon 1996) . Table 1 provides equivalent and velocity widths for these lines. Fullwidth Half-Maxima (FWHM) were determined from 1-or 2-Gaussian ts and correspond to emission components, whereas Full-width Zero-Intensities (FWZI) are estimated by eye.
3 RESULTS 3.1 Orbital period and radial velocities Hutchings et al. (1981) claimed two possible periods at 0.22-d, and it's 1-d alias at 0.18-d. Wargau et al. (1983) claim 0.2145 0.0006-d. Neither authors provide details of their power analysis. The radial velocity measurements of the Balmer line cores by Hutchings (1981) and Wargau et al. (1983) were combined and each value was adopted with an uncertainty of 25 km s ?1 . We will refer to these two data sets as epochs 1 and 2. A period search was conducted across this data by tting:
(1) across a range of periods and determining the 2 statistic for each case. 0 corresponds to the shift between red-to- blue -crossing phases from the current data and the rst observation of Hutchings et al. (1981) . represents the systemic velocity of the binary, K is the radial velocity semiamplitude and is the orbital phase. Minima in the distribution indicate candidate orbital periods. The 2 distribution is presented in the top panel of Fig. 1 from which there are a number of candidate periods. F-tests between the residuals of the 6 best ts provides a signi cance test between the candidate periods (Table 2) . A period of 0.2145-d (P4) is not determined with any con dence.
Spectra were rebinned onto a logarithmic wavelength scale of dispersion 35 km s ?1 using quadratic interpolation and the continuum removed by subtracting a 3-spline t to line-free wavelengths. The two Balmer lines were averaged to produce a noise-reduced Balmer line. Emission velocities were measured from 2-Gaussian ts to each pro le, repre- senting emission and absorption components. The data quality prevented a more sophisticated model, but this method is consistent with Hutchings et al. (1981) . Fits are provided in Table 3 .
Combining these data with epochs 1 and 2 we repeat the period search ( Fig. 1 and Table 2 ). The signi cances of P1, P2, P5 and P6 have decreased, but the signi cance of P3 relative to P4 has increased. Consequently we provide two possible ephemerides: T0 = HJD 2 444 559:7031(5) + 0:2146(4)E (2) T0 = HJD 2 444 559:7312(5) + 0:2212(5)E (3) where T0 corresponds to the red-to-blue -crossing phase and E is the orbital cycle number. Since HL CMa was found in di erent states during each epoch and Wargau et al. (1983) employ an alternative radial velocity measuring technique, we note that bias may be introduced into these period measurements. The radial velocity data folded on the rst period is provided in Fig. 2 . Fit parameters for both ephemerides are provided in Table 4 . Radial velocities from the absorption wings are highly uncertain due to a combination of noise and their broad pro les. Radial velocities from 1-Gaussian ts to He ii 4686 A provide results consistent with the Balmer cores, although with a signi cantly di erent which is di cult to interpret without further data.
3.2 Emission line pro les Fig. 3 provides the line pro les of H as functions of orbital phase. The Balmer lines display a narrow core attaining maximum brightness between phases 0.3{0.4 when it crosses from red to blue velocities. This is anti-phased with a more constant, underlying broad component. The He ii 4686 A feature (not displayed) has a similar broad component, but no narrow core component.
Our interpretation of these pro les is that the broad base has an origin in the accretion disc, where the absence of double-peaks in this pro le indicates a low disc inclination, or a more localized structure associated with the disc (see Hoard et al. 1998) . Since the narrow core is brightest at red-to-blue crossing it is most likely from the companion star. Consequently the Balmer radial velocity ts of Table  4 will not represent the motion of the white dwarf. This is commonly observed in dwarf novae during outburst and the nova like variables (Still, Dhillon & Jones 1995) which exist in near-permanent high states. Emission such as this is the result of irradiation by the hot accretion disc and originates on the inner face of the companion star. Consequently the velocity of this emission component provides a lower limit for the orbital velocity of the companion star. Using a 2D Gaussian t to the core component on a tomogram of H (Marsh and Horne 1988) a lower limit to the companion stars velocity is determined to be 61 km s ?1 . Unfortunately uncertainties cannot be propagated through the tomographic inversion process. The phasing of the t in velocity space would also suggest that the true binary orbit trails the ephemeris of Eqn. 2 by 0.14 cycles.
CONCLUSIONS
By combining a third epoch of data to previously published spectroscopy we have shown that candidate orbital peri- 
